Severe droughts have the potential of inducing transient shifts in forest canopy composition by altering speciesspecific adult tree mortality patterns. However, permanent vegetation change will occur only if tree recruitment patterns are also affected. Here, we analyze how a massive mortality event triggered by the 1998-1999 drought affected adult and sapling mortality and recruitment in a mixed Nothofagus dombeyi (Mirb.) Blume -Austrocedrus chilensis (D. Don) Flor. et Boult. forests of northern Patagonia. Comparing drought-induced and tree-fall gaps, we assessed changes in forest composition, microenvironments, and seedling density and survival of both species. Drought-kill disturbance shifted species composition of both canopy and sapling cohorts in favour of A. chilensis. Drought gaps were characterized by a shadier and more xeric environment, affecting the recruitment pattern of N. dombeyi seedlings. The seedling cohort was composed mostly of A. chilensis, and its survival was always higher than that of N. dombeyi. Additionally, A. chilensis seedlings showed higher plasticity than N. dombeyi seedlings, increasing its root to shoot ratios in drought gaps. The results suggest that extreme drought itself is a strong driving force in forest dynamics, with important imprints on forest landscapes. Future climate-change scenarios, projecting an increased in frequency and severity of droughts, alert us about expected longterm compositional shifts in many forest ecosystems.
Introduction
Increases in drought frequency and severity are becoming of particular interest in the context of global change because drought mortality has the capacity to cause rapid and pronounced vegetation shifts in dry woodlands (Allen and Breshears 1998; Swetnam and Betancourt 1998; Hanson and Weltzin 2000; Mueller et al. 2005 ) and mesic forests (Hursh and Haasis 1931; Elliott and Swank 1994; Williamson et al. 2000; Condit et al. 2004) . Numerous studies have documented how moderate seasonal droughts negatively influence tree seedling performance (Fotelli et al. 2001; Gilbert et al. 2001) ; however, whenever drought is severe enough to kill adult trees, large compositional changes can occur by at least two mechanisms: (i) direct shifts in canopy dominance owing to differential species-specific susceptibility to drought and (ii) postdrought biotic and abiotic changes affecting tree seedling recruitment performance (Clinton et al. 1993) as well as other ecosystem properties affecting forest dynamics (Breshears et al. 2005) .
Regeneration processes involved after dieoff and cessation of drought are key in determining whether increased climate-induced mortality will lead to a relatively permanent vegetation change spanning the following decades or if it simply mimics other natural mortality causes and just increases gap turnover rates. In other words, mortality per se may not be a sufficient condition for ensuring long-term vegetation shifts. In addition, the effect of drought on finescale environmental heterogeneity could be another driving force for subsequent vegetation development, but only if mortality has reduced propagule input or has changed microenvironments in such way that regeneration of the dieoff species is not successful or if new conditions are more favourable for competitors of the receding species. Despite the disproportionate emphasis that has been given to susceptibility and immediate responses of forests to drought, few studies are available on the consequences of postdrought scenarios for further community dynamics. Postdrought forest conditions may differ substantially from those of typical natural tree falls, and forest dynamics related to each type of disturbance might be quite different too. Particularly, drought-induced mortality gaps differ from tree-fall gaps in several aspects that can affect subsequent tree regeneration patterns (Clinton et al. 1993) . First, the mode of tree mortality (standing dead trees) implies little or no damage to the understory; thus, microhabitats based on soil alteration are not produced. The forest floor remains intact, acting as a physical barrier to seedling establishment, particularly for species that require mineral soils for seed germination. Second, lack of coarse woody debris may disfavour species whose reproductive strategies include ''nurse logs'' (Clinton et al. 1993) . Moreover, in drought gaps, eventual branch fall is the main source of mechanical damage and coarse woody debris, and in contrast with tree falls, understory saplings may be favoured over new seedling establishment by branch fall. Third, gap-understory interactions could also influence the nature of the resource limitation on seedling growth and survival (Heinemann et al. 2000) . Diffuse shade from dead-standing crowns may relatively benefit species using temporary sunflecks at the expense of species using direct radiation such as preexisting understory. In the absence of soil disturbance, preexisting herbs and shrubs may increase in response to that condition and inhibit seedling establishment through competition (Davis et al. 1998 (Davis et al. , 1999 Valladares and Pearcy 2002) . In this paper, we will focus on how subsequent drought gap environments differ from tree-fall gaps because gap environments are directly related to seedling establishments, and their future development could influence the way of successional pathways inside gaps.
It has been well documented that fine-scale disturbance, like tree-fall gaps, maintain many broadleaf temperate forests in compositional equilibrium (Veblen 1989; Rebertus and Veblen 1993; Lertzman 1995) . In contrast, the role of drought gaps on long-term forest composition is less clear in most forest ecosystems. A dynamical integration of mortality processes triggered during drought and establishment opportunities after drought cessation is necessary to fully understand the role of these increasingly important forest disturbances. Here, we analyze how a massive mortality event triggered by an extreme drought occurred in 1998-1999 in relation to a strong La Niña event affected adult and sapling mortality and seedling recruitment of mixed Nothofagus dombeyi (Mirb.) Blume -Austrocedrus chilensis (D. Don) Flor. et Boult. forests of northern Patagonia. During the period March 1998 -February 1999, rainfall in Bariloche was 2.6 standard deviations below the historical mean, producing the most severe drought of the 20th century (Servicio Meteorológico Nacional). In addition, unusual midsummer heat conditions prevailed with mean daily temperatures during January 1999 7 8C above the long-term mean and with maximum daily temperatures >28 8C over a continuous 19 day period. Under these conditions, 10% of canopy trees in Nahuel Huapi National Park were killed over an area of 11 000 ha of forest (*10% of the N. dombeyi forests) and 25% of trees were killed over 680 ha (Bran et al. 2001) . Although drought affected a large area of temperate forests, tree mortality was extremely patchy, creating a high number of canopy gaps. This disturbance event was a unique opportunity to study adult and advance regeneration mortality and seedling regeneration dynamics associated with drought-induced gaps.
We propose that drought events may cause forest to deviate from gap compositional equilibrium by differential adult and sapling mortality among woody species and by differential species recruitment owing to physical and biotic changes associated with drought gap compared with tree-fall gaps. Related to these, we predict that more drought-and shade-tolerant species (A. chilensis) may be relatively benefited by immediate canopy and juvenile mortality effects of drought on N. dombeyi. In addition, saplings of the more shade-tolerant species may be relatively benefited owing to the understory filter effect.
Materials and methods

Study area and sampling
The study was conducted in Nahuel Huapi National Park, northern Patagonia, Argentina. Precipitation in Nahuel Huapi National Park is highly seasonal with approximately 60% falling during May-August. At this latitude, mean precipitation decreases abruptly from *3000 mmÁyear -1 at the main Andean cordillera to <500 mmÁyear -1 over an approximately 80 km west to east distance (De Fina 1972) . Layers of volcanic ash covered the glacial topography, and soil throughout the region is derived from these parent materials (Andosol type soils). Along this strong precipitation gradient, vegetation changes rather abruptly from temperate rain forests, dominated by tall the evergreen N. dombeyi, to semiarid steppe dominated by cushion shrubs and bunchgrasses. At precipitation levels of *1500 mmÁyear -1 , following stand-devastating fires, N. dombeyi and A. chilensis both form even-aged populations; N. dombeyi typically occurs exclusively in the main canopy, whereas A. chilensis is partially suppressed in the subcanopy (Veblen and Lorenz 1987) .
We conducted this research throughout the eastern distributional limit of N. dombeyi where tree mortality as a consequence of the 1998-1999 drought was severe enough to produce massive mortality. In early spring (September) 2003, along the 1400 mmÁyear -1 isohyet, we randomly selected 16 gaps (eight tree-fall gaps and eight gaps produced by the 1998-1999 drought) within N. dombeyi -A. chilensis mixed forests. All gaps were separated by at least 1 km and encompassed northwest, southwest, northeast, and north orientations and slopes between 28 and 208. Tree-fall gaps were sampled as controls of drought gaps because the shadeintolerant nature of tree species prevents seedlings from establishing under closed forest. To avoid the effect of treefall age and area in the analysis of survival, we selected recent tree-fall gaps (presence of bark on the gap maker) with an area of a. 250 m 2 . Drought-induced gaps included up to five dead trees in a 15 m Â 15 m plot resulting in openings of 225 m 2 . Additionally, we extensively sampled throughout the study area to evaluate tree regeneration status 5 years after the drought event and also the drought effect on adult composition.
Drought effects on saplings and adults
To assess density and mortality of predrought (saplings) and postdrought (seedlings) natural regeneration, forty-five 15 m 2 plots were randomly placed throughout the study area and encompassing drought-affected forests. In each plot, natural regeneration of seedlings was determined by counting individuals (height <0.10 m) within three 1 m 2 quadrats. Live and desiccated saplings (stems <0.05 m diameter at breast height and <2 m height) were counted along a 2 m wide by 5 m long transect in the center of the plot. The same density data were taken under undisturbed forest canopy (22 plots) as in the drought-disturbed canopy gaps (23 plots). Regeneration abundance beneath undisturbed forest canopy represents a good control because of the different light behaviours of both species. Additionally, to assess drought impact on adult composition, thirty-four 400 m 2 plots were placed throughout the area most affected by the 1998-1999 drought. Fourteen plots were placed under canopy with <25% dead trees (low-mortality plots) and 20 plots were placed under canopy with >50% dead trees (high-mortality plots). In each plot, all N. dombeyi and A. chilensis adult trees were registered as dead or alive and measured at breast height. All dead trees corresponded to trees that were killed by the 1998-1999 drought.
Drought versus tree-fall gap microclimate
Topographic characteristics of each of the 16 canopy gaps (aspect, elevation, and slope) were measured. In tree falls, gap area was estimated as an ellipse based on the two longest perpendicular axes in the gap (Runkle 1981) . Understory light environment was quantified using hemispherical photographs taken at 0.3 m heights and throughout northsouth directions inside gaps. Photographs were taken using a leveled north-oriented fisheye lens and were analyzed using WinScanopy (version 2003b,c) (Regent Instruments Inc.). We calculated direct, indirect, and total site factors to calculate the amount and quality of light reaching the forest floor during the growing season (September-March in the Southern Hemisphere). Inside each gap, we measured percentage of water content using a hand-held three-rod ML2x Theta Probe (Delta-T Devices). Measurements were made twice at nine positions inside gaps: north (three), center (three), and south (three). All measurements were made during February when moisture deficits are more intense.
Drought versus tree-fall gap natural regeneration
Survival of naturally established seedlings was monitored during two growing seasons (2003-2004 and 2004-2005) Drought versus tree-fall gap seedling survival experiments Survival monitoring was supported by a manipulative experiment carried out in all selected gaps. Fifteen A. chilensis seedlings per pot were obtained in a greenhouse by germinating 40 seeds per pot after cold-wet stratified for 45 days. Nothofagus dombeyi seedlings are difficult to obtain in a greenhouse owing to low viability. Thus, naturally germinated seedlings were used to conduct the experiment. Seedlings belonging to the cohort of spring 2003 with presence of both cotyledons but without true leaves were collected from the forest floor from sites near the experimental area. Fifteen seedlings were transferred into each pot and remained well watered in the greenhouse from late September to the beginning of October. In the field, in each gap, three within-gap positions (north, center, and south) following the transect at the center of the gap were identified. In early November 2003, two pots (30 seedlings) per species were transplanted in each position. A small amount of mortality occurred in the first week and was replaced with extra seedlings to reach 30 initial seedlings per species. Seedlings were monitored in each plot at the beginning and end of two growing seasons (November 2003 -March 2004 and November 2004 -March 2005 . Seedlings that were alive at the end of the second growing season were considered as established seedlings. At the end of the second growing season, all seedlings growing in each plot were harvested and basal diameter, height, and numbers of leaves were measured. Biomass samples were divided into leaves, stems, and roots and oven-dried at 50 8C to constant mass and weighed. Total biomass, root to shoot ratios, and leaf allocation (fraction of aboveground production allocated to leaves) were then calculated.
Data analyses
Regeneration density of seedlings, saplings, and adults of both species sampled was analyzed using relative abundance and compared using Mann-Whitney's U test. Differences in light levels (direct, indirect, and total site factors) and topsoil water content were analyzed using split-plot ANOVA with gap type as the main-plot factor and position as the split-plot factor. To avoid pseudoreplication, samples from each subplot within each gap were averaged prior to conducting the ANOVA. To analyze the effect of postdrought scenarios on seedling survival, gap type (GAP), within-gap position (POS), and species (SP) were used as fixed factors in a split-split-plot ANOVA. The main plot was gap type and the two splits were gap position and species. As well, to analyze seedling survival after the effects of light are removed, an additionally split-split-plot ANCOVA was used. The lack of seedlings of both species in several subplots prevented evaluation of the effect of within-gap position. The response variable was the proportion of seedlings alive at the end of the second growing season (arcsine square-root transformed). Because final survival could have been affected by the initial abundance of seedling in each subplot, we used the number of initial seedlings as covariable. The final analysis was a split-plot ANCOVA (F [1, 3] = 21.68, P = 0.02). Mean final seedling biomass, mean seedling leaf allocation, and mean seedling root to shoot ratio were the response variables in the analysis of drought gap on seedling performance. We used a split-split-plot ANOVA with the same fixed factors used in the survival analysis. To reach normality, response variables were log-transformed.
All results were considered significant if the probability of a Type I error was <0.05. Multiple comparisons of treatment means were conducted using a post hoc test with Bonferroni corrections. We used R software (version 2.4.1, 2006) (R Development Core Team) in all analyses.
Results
Drought-induced mortality of adult and saplings
Drought caused marked differences in mortality of N. dombeyi and A. chilensis adult trees. In high-mortality plots, drought caused an abrupt reduction in N. dombeyi density (*57%), while in low-mortality plots, drought killed only 11% of the trees (Fig. 1a) . In contrast, A. chilensis evidenced a low impact of drought by reducing its density in high-mortality plots by only 5%. Additionally, no A. chilensis trees were killed by drought in low-mortality plots (Fig. 1a) . Thus, density of live N. dombeyi trees was more than halved by the drought in highly affected plots and composition of adults shifted from a N. dombeyi dominated forest (*65%) to a nearly equally represented N. dombeyi -A. chilensis forest. Similarly, sapling mortality was markedly higher in N. dombeyi than in A. chilensis (Fig. 1b) . In high-mortality plots, almost 30% of N. dombeyi saplings were killed by drought, and little mortality was also evidenced in low-mortality plots (7%). However, in all plots, A. chilensis saplings remained mostly alive (Fig. 1b) . This differential mortality raised A. chilensis dominance in the sapling cohort by at least 10% (from 50% to 60% being A. chilensis saplings).
Drought versus tree-fall gaps
Microenvironments
Drought and tree-fall gaps were equally distributed among mountain aspects (c 2 = 2.39, df 7, P < 0.93) and slopes (c 2 = 1.58, df 3, P < 0.66). Thus, environmental differences between gap types were largely attributed to gap origin. Direct radiation reaching the ground was overall lower in drought gaps than in tree-fall gaps (F [1, 14] = 57.23, P << 0.0001) ( Table 1 ). In contrast, spatial variation in radiation levels across north-south transects located within gaps was homogeneous (POS: F [2, 23] = 0.72, P = 0.49) and similar between gap types (POS Â GAP: F [2,23] = 1.15, P = 0.33) ( Table 1) .
Although drought gaps were characterized as shady environments, there was no evidence of more water content in the soil. On the contrary, these environments were more xeric than tree-fall ones. Late-summer (February) volumetric topsoil water content in drought gaps was half that in treefall gaps (3.9 ± 0.7%, drought gap = 1.4 ± 0.5%, F [1, 7] = 5.25, P = 0.05) (Table 1) . Again, in contrast with the pattern found in canopy gaps, we could not find pronounced northsouth changes in topsoil water content either within gaps (POS: F [2, 14] = 0.74, P = 0.49) or between gap types (POS Â GAP: F [2,14] = 1.29, P = 0.30) ( Table 1) .
Tree seedling recruitment, survival, and performance
By summer 2004, 5 years following the drought, N. dombeyi density of naturally established seedlings was fivefold higher in the undisturbed forest (64 700 individualsÁha -1 ) compared with the drought gaps (12 100 individualsÁha -1 ) (Mann-Whitney U test, P < 0.03). In contrast, A. chilensis seedlings were as abundant beneath undisturbed canopy (45 000 individualsÁha -1 ) as in drought gaps (63 800 individualsÁha -1 ). Thus, within drought gaps, the seedling bank was composed mainly of A. chilensis (84%) compared with a more evenly composed seedling bank in the undisturbed forest understory (41% A. chilensis).
Survival of naturally established A. chilensis seedlings was overall higher than that of N. dombeyi seedlings independently in both drought and tree-fall gaps (SP: F [1, 3] = 171.34, P = 0.0009). After 2 years, only 29% of initial N. dombeyi seedlings survived compared with a 62% A. chilensis survival (Fig. 2) . However, interspecific differences in survival depended on gap type (GAP Â SP: F [1,3] = 6.85, P = 0.08) with a higher difference in favour of A. chilensis seedlings in drought gaps (P = 0.01). This pattern was more apparent during the second growing season (Fig. 2) .
Survival of transplanted seedlings at the end of the two growing seasons was highly species dependent and was affected by gap type and within-gap heterogeneity (Table 2 ; Fig. 3 ). Similarly to naturally regenerated seedlings, transplanted A. chilensis showed overall higher survivorship than N. dombeyi seedlings (SP: P < 0.001). Seedlings tended to survive better in gap centers compared with gap edges irrespective of species (POS: P < 0.002). While both species tended to use tree-fall gap centers, only N. dombeyi behaved selectively within drought gaps, preferentially using gap centers. In contrast, A. chilensis showed high survival across the entire drought gap (Fig. 3) . The effect of gap type on seedling survival was not evident until the influence of differential light levels on survival was removed (GAP: P < 0.04) ( Table 2) . When doing so, only A. chilensis increased its survival in drought gaps (GAP: F [1, 14] = 4.54, P = 0.05), whereas N. dombeyi survival was independent of gap type.
In general, and related to species inherent characteristics, N. dombeyi showed higher final individual seedling dry biomass than A. chilensis (SP: F [1, 34] = 4.20, P = 0.05) but seedling biomass was unaffected by gap type. In addition, we found no negative relationship of seedling total dry biomass as a function of number of surviving seedlings in a subplot. Despite any effect on total biomass, gap type differentially modified root to shoot allocation pattern among both tree seedling species. Austrocedrus chilensis seedlings showed a marked plasticity, increasing root allocation from 50% in tree-fall gaps to *60% in drought gaps (GAP: F [1, 14] = 3.43, P = 0.08) (Fig. 4a) . In contrast, N. dombeyi seedlings showed more constant root to shoot ratios in both gap types. While N. dombeyi tended to increase proportional allocation to leaves in drought gaps, A. chilensis showed reduced allocation to leaves (GAP Â SP: F [1, 32] = 4.08, P < 0.05) (Fig. 4b) .
Discussion
The results of our study show that the severe drought that affected northern Patagonia in 1999 had immediate and subsequent effects on N. dombeyi -A. chilensis forest composition. First, high adult and sapling mortality of N. dombeyi caused an immediate reduction in its dominance in favour of the drought-tolerant A. chilenisis. Second, lower recruitment and survival rates of N. dombeyi, possible because of physical microenvironment changes and biotic filters impose by understory release response in drought-induced gaps, have subsequent effects favouring present and future recruitment of the more drought-and shade-tolerant species.
Mortality ratios were highly different between dominant tree species. Adult trees of N. dombeyi were far more affected by drought than those of A. chilensis, possibly owing to their shallow root system and lower water use efficiency in relation to A. chlensis (Kitzberger 1994) . This occurred in sharp contrast with other dominant disturbances affecting these forests such as fire and tree-fall gaps (Veblen et al. 1996) . Stand-devastating fires affect both species owing to high fire sensitivity so that propagule availability and similar regeneration requirements produce mixed postfire cohorts (Veblen and Lorenz 1987) . In the case of tree-fall gaps, Veblen (1989) has shown that the relative proportions of tree deaths and potential successors (saplings) of these two species in the gaps imply that gap-phase regeneration is maintaining this stand in compositional equilibrium. In addition to shifts in canopy tree composition, the drought also reduced the density of potential successors of N. dombeyi under death canopy, favouring A. chilensis successors. However, it could be possible that even lower sapling density may assure gap filling owing to higher growth rates of N. dombeyi as found after fire and in tree-fall gaps (Veblen and Lorenz 1987; Veblen 1989) . However, this would not be the case under drought-killed canopy because both species increased their growth in response to the opening in a similar fashion (Suarez et al. 2004 ). After drought, substantial changes were observed in forest understory microenvironments compared with tree-fall gaps, affecting tree seedling recruitment patterns. Drought gap microenvironments were substantially shadier and extremely xeric compared with tree-fall gaps, generating a new kind of environment in the forest. Deeper shades found in the drought gap floor could be attributed to a faster and more pronounced post-1999 growth response of preexisting shrubs or perennial herbs. For example, higher percentages of cover of Galium spp. and Maytenus chubutensis (Speg.) Lourteig & O'Donell & Sleumer were found in drought-induced gaps (M.L. Suarez, unpublished data). In addition, xeric conditions found in drought gaps could be related to intrinsic site conditions. A previous study preformed in the same area showed that steeper slopes associated with high rockiness and shallow soils predisposed the forest to suffer high mortality during the 1998-1999 event (Suarez et al. 2004 ). In this summer-dry climate, soil moisture content of highly insolated steep slopes is closely related to topographic conditions, which could in turn determine xeric conditions prevailing inside drought-induced gaps.
Our transplant experiments as well as monitoring of naturally established seedlings show that both tree species have different survival responses in relation to the two gap types studied, with drought gaps favouring the survival of A. chilensis and disfavouring that of N. dombeyi seedlings. Microenvironmental conditions (deep shades and drier soils) in this gap type and seedling performance are in accordance with current ecophysiological knowledge of the two species. Nothofagus dombeyi is considered a highly shade-intolerant species but a relatively moisture-demanding species that only is able to successfully establish in large insolated gaps but higher rainfall levels (Veblen et al. 1996) . Austocedrus chilensis, in contrast, is considered to be relatively more shade tolerant, often using nurse plants for establishment , and far more drought tolerant, extending its range into low-rainfall areas (Veblen et al. 1995) . Furthermore, some of our results suggest that this different response may more likely be related to other gap conditions not directly related to differences in radiation between each gap type. Thus, xeric conditions inside drought gaps strongly disfavour N. dombeyi seedlings. These biased establishment rates between N. dombeyi and A. chilensis are in contrast with previous studies of small tree-fall gaps (Veblen 1989 ) that show that both species are able to coexist and mixed forest composition is maintained by a dynamic equilibrium based on higher seedling densities with lower survival rates of N. dombeyi counterbalanced with lower seedling densities with higher survival rates shown for A. chilensis.
Seedling allocation patterns found could also help to explain differential survival rates found in drought gaps. While the response of A. chilensis to drought gaps was highly plastic, increasing root to shoot ratios, N. dombeyi seedlings did not show a plastic response in root to shoot allocation ratios. Furthermore, and in contrast with A. chilensis, these latter seedling responded plastically to shadier conditions of drought gaps, allocating more biomass to leave tissue, making the seedling overall more prone to desiccation. Apparently owing to intrinsic physiological constraints, N. dombeyi is largely unable to tolerate either low light levels or low water levels, whereas A. chilensis seedlings are able to withstand prolonged extreme dry conditions under the shady canopy of nurse plants . Our results are in concordance with those of others (Clinton et al. 1993 (Clinton et al. , 1994 Delissio and Primack 2003; Olano and Palmer 2003; Archaux and Wolters 2006) and suggest that in forest ecosystems, drought disturbance creates a new type of canopy gap and should not be interpreted the same as common background canopy opening processes. Several features make drought gaps fundamentally different. (i) Drought gaps are highly species selective; therefore, strong influences on canopy composition are expected to occur (Fensham and Holman 1999) . In the case of tree-fall gaps, some selectivity is possible based on architectural or structural characteristics of species. (ii) As shown in this study and others (Clinton et al. 1993 (Clinton et al. , 1994 Beckage et al. 2000) , microenvironment conditions within drought gaps are not equivalent to those in tree-fall gaps. Presence of dead standing trees and lack of soil disturbance tend to favour preexisting understory responses that induce shadier microenvironments. Also, higher understory density in drought-induced gaps could lead to drier condition because of an increase in water use in the upper horizons. (iii) Microenvironments are spatially less variable. The diffuse nature of gap boundaries and lack of coarse woody debris make drought gaps internally more homogeneous and with less microsite variation than that of tree-fall gaps (Poulson and Platt 1989; Gray and Spies 1997; Clinton and Baker 2000) . Additionally, the lack of coarse woody debris would not provide safe sites for recruitment in drought-induced gaps, as could be in tree-fall gaps by the mechanism of increasing water-holding capacity. (iv) Differential canopy tree mortality of one of the species may create dispersal restrictions in drought-affected forests by reducing the amount of possible seeders in the surrounding area, while in tree-fall gaps, generally all species are able to reach the disturbed area.
Surprisingly few studies together with ours have used true drought gaps (Clinton et al. 1993 (Clinton et al. , 1994 . Most of the studies analyze drought effects on future forest composition based on irrigation experiments (Fotelli et al. 2001; Marod et al. 2004; Sack 2004; Bunker and Carson 2005; Lloret et al. 2005) . In general, the effects of water deficit on seedling survival are interpreted in the context of loss of diversity by species-specific mortality or low growth. Other studies have simulated drought effects using herbicides on canopy vegetation (Beckage et al. 2000; Clinton 2003 ). But to date, few studies dealing with drought consequences on forest composition have taken into account the possibility that the new environment left by drought might or might not be influential on the composition of future regenerating seedlings. Given the small extent and artificial selection of sites at which these studies are conducted, results should be interpreted cautiously.
Extreme events such as droughts are strong drivers of forest dynamics in all forest types, with important influences and imprints on the landscape and feedbacks on future disturbance regimes. In many forests, the combined effects of biotic (pathogens and insects) or abiotic (fire) agents have the potential to extend the mortality effects of drought with important feedback on regeneration patterns (Savage 1997; Allen and Breshears 1998; Hanson and Weltzin 2000) . Here, we show that drought itself without any other contributing factor can also be a broadscale disturbance with the potential to cause important vegetation changes. Long-term effects of droughts can drive not only species-specific mortality but also major changes in habitat for further regeneration and succession. Because increases in the magnitude and frequency of extreme climatic events are projected in several climate-change scenarios (e.g., El Niño -Southern Oscillation frequency and amplitude), important compositional and structural changes such as those observed in Patagonian Nothofagus forests can be expected to occur in many forest ecosystems.
